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Abstract 


“A number of types of charge were tested for the 75 mm Pack 
Howitzer. Of these, four gave results epparently better then obtained 
with the present type of charge. In three of vhese a quick powder 
was used for the base section and a slower powder for the increment. 
In the otkur type, potassium nitrate was incorporated in the powder. 

A study of theses and the previous results indicate rather conclusively 
(1) that smaller dispersions in velocity are obtained with the broad 


b.nded EI projectile (band diameter .303") than with the narrow banded 
« 7 Me J predectile (band ciaomoter 2700") oct CA thet four of the tynen of 


— charge tested in these exnoriments seem distinctly better than the type 
in service use. Suggestions are made for further experiments. ( ) a se 


In letter dated May 17, 1935 (File No. 00 471.5/7131; 
APG '171.5/529-Misc.) authority was requested to try out 
various types of ignition in the 75 mm Pack Howitzer to 
improve the uniformity in velocity. It was nroposed that 
experiments he made with a base section containing a quicker 
{ : powder than the increment and also with various other typee 
aus of charge, The authority to make these experiments was 
Given in the 5th Ind. of this letter, 


A number of different types of powders were used in 
experiments and also different types of primers. A dese 
Cription of the powders is given in table I and of the 
primers in table II, 


Table I 


() Description of Powders 
: Powder Mfr, Grain Web | Composition 
Lot : Form Thickness 
(Strip) N.G. = 0% 
D.am, = 1% 
EX 1846 PA. 8.P. 20229 N.C. said 1 ai 
Dibut. - 5% 
aed = 1.5% 
D.- m,~- Ls ” 
(3 3 
EX 1S49A_ PLA. MP. 0268 N.C. - pae( 12 .64N) 
| N.G, - 40% 
D. am. le 
EX 18/9B P.A. MP. 0342 N.C. = peat le. ORM, 
N.G. = 407 
D. am, lf 
| EX 1850 P.A. 5.P, O4ok N.C. - pawl i2.b7) 
| N.G, = 07% 
D.-am, lr 
4 
1901-6 D.P. 1 0234 Pyro 
X-3727-S OD.P. S.P. 0129 Nitroccllulose ~ &7,00% 
D.N.T. and D.B.P. = 13,002 
eel o = 
eB. om ye) 
Diphenylamine udded ~ 1,00% 
X-3671-8 OD.P. S.P, 0221 ieee : te oe 
oNede an eet o™ ry é 
| Diphenylamine - 0,90 
Cs Moict, and Vols, - .34% 
X~ 3636 D.P. 8.P, O13 N.C. - 53.72% 
: Diph - .90% 


D.N.T. and D.B.P. ~14 87% 
Moisture = 51% 


X-3724-S D.P. §.P. ~0167 Nitrocellulose ~ 8§5,00% 
D.N.T. and D.B.P. -15,.0% 
D.N.T. re 10%) 
D.B.P. - 5%) 
Diphenylamine added - 1,004 


{.} Herc, Flak ,010 N.C. - 58. 
a pian 2 Be ke 
KNO, 1.29% 


Diphenylamine 69% 
Total voletiles .18% 
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Table II 
Description of primers 


Primer ‘Desnoription Remarks 
49 gr. Drg. No. 742-16 
Mod, M22 See sketch 2621D 
attached at end of 
report 
Special See sketch No, 2601 AB 200 ers. of the 
primer attached at end of povder ciurge were 


report 
primer case, 


Eatublishment of Charges 


With the various povders and primers described in 


Tables I and II, attempts were made to establish charges 
26,000 lb/in® preseure limit of the Horitzer, 


within 


the 


enclosed within the 


A description of the charges and of the velocity and pressure 


results are given in Table III. 
enclosed in sorim bags. 


from the attached firing records No. 9106 and 9703. 


Table Iii 
Rounds Fired for Establishment of Charge 


Nost of the charges rere 
Additional detaile may be obtained 


Projectile 3" Shell Modified, Dre. 72-2-56, Wt. 15 lbs. 


Powder ‘Yeb Comp. Grain Wt, Primer No. Mean Prob, 
Form of Rds. Vel. Exror 
eens, ee Ge aes Aa ees & 

EX 1847 .058 N.G. Stri 5 Wer. 2 72 1 
" f é "oA uP 14° 76 2 Nf 17 

. : ° * 16,0 " 2 1230 
" : " 16.6 ° 3 1204 ? 
EX 1848 ,0229 rh §8.P. 7.5 “ 2 7168 2 

1. KYO 

: 8 3 2s 32.0 * 298 4 
a “ . " 16,4 aise 2 1220 1 
a a 0 w 17.0 a : 1255 6 

4 « 09 " 17.85 @ 1297 
EX 1S49A*,0268 'OWN.G. M.P. 4.25 100 er. 5 709 2 

EX 18490 * " « 42 ae , 
+EX 1847 .058 . Strip 3°72 49 ers 3 866 ’ 


= 3- 


Prese~- 
ure 


Table III (cont'd) 
Rounds Fired for Establishment of Charge 
Projectile 3" Shell Modified, Dre. 75-2=-56, Wt. 15 lba. 


Powder Web Comp. Grain ‘it. Primer No. Mean Prob, Pressure 
Lot Form of Rde. Vel. Error 
Ranma a Chg. Caer eescea ne ral Gaia qe 
EX1649A .0266 4O“N.G. M.P. 4.25 
nEx18°7 058" = Strip 7.75 "9 er. 2 1090 6 
EX1Z49A .0268 * MoP. 4,25 
+EX1647 .056 " Strip 9.75 “9 er 2 1195 18 
EX1S49A .0266 * M.P. 4,25 
*EX1847 50586 * strip 10,75 “9a. 2 1261 21 16,900 
EX1S49A .0265 * M.P. 4,25 
SEX1B60 -Ol64 8 s'p. 7.00 “9 er. 2 1137 4 
EX1S49A .0268 * M.P. 4,25 
SEX1as0 Olo4 sip. 9.00 9 er. 4% 1252 10 21,100 
EX1S49A .0268 * M.P. 4,25 
+EX1549B,0342 * u:P, 4.00 "9 er. 2 906 30 
EX154YA .0266 " MoP. Yeh 
+EX1649B.0342 * uP. 6.00 “96% 2 1022 15 
EX1S549A .0266 * M.P. 4.25 
+EX1849B8,0342 * uP. 10.00 “9 er. 2 1255 4 18,000 
|  2601A8 Bo 
3671-8 .0221 "  8.P. 15.25% " 3.1177. 3. 219,300 
1901B .0234 Pyro M.P. 11.55 
+Hero.T.M. “9 gr. 3 971 15 
Powd. lot Ballie- Flake ,45 
3738 O11 tite 
1901B .0234 Pyro W.P. 15.55 
+Herc.T.M. 49 gr. 2 1170 5 
3738 ,011 Ballis- Flake 45 
tite 
19018 =.0234 Pyro M.P. 16.1 
shove... : ? 4g er. 2 1275 +14 ~~ 20,600 
3738 O11 Ballic- Flake ,45 


® Firings made at Picatinny, 
°° Of the total charge, 200 grains were contained in the large primer. 


- ko 


Table III (cont'd) 
Rounds Fired for Establishment of Charge 
Projectile 3" Shell Modified Drg. 75-2-56, Wt. 15 lbs. 


oe 


Powder Web Comp. Grain Wt, Primer No, Nean Prob, Pressure 
Lot Form of Rds.Vel. Error 
eee anos, caeeee Chg. omeney vate 
3727 .0129 FNH §8.P. 5,00 49 gr. 2 680 1 
3727. .0129—=C« S.P. 6,00 * 2 763 2 
27.0129 =" 8.P. 5.2 
*heh1 ‘221 * BSP 2°72 49 er. 2 8h9 0 
27. -«.0129.—i«s 8.P, 5.2 
shen “0221 M 5.P, R°32 U9 er. 2 956 1 
27. .0129—i 8.P. 5.2 
eh ca M 8.P, 2°52 49 er, 2 1167 t 22,500 
27. -.0129—i«s 8.P, 5.2 
a777, toes so w«OBtRt 8:23 Ug gr, 21215 1 25,600 
3636 «= .O143 8.P. 5,00 “kg pr, 2 649 10 
3636 «6.0143 8.P. 6,00 49 gr. 2 Jeb 3 
636 = ,o14 " 8.P. ~70 
3 71 “O22 " 8.P. 0 49 er. 2 1043 1 
636 =—6. .014 " 8.P, ~10 
23071 “O22 x 8.P, 2°S0 4g er. 2 lito 5 20,000 
636 .o143 * 8.P, 5.70 
33 71 “O22! a 8.P, 13°50 49 gr. 2 1eho 2 26,200 
3724 8.0167. * 8.P. 5.00 49 gr, 2 619 
3724 = .0l67 si 8.P. 7.00 49 gr. 2 753 
2h .016 " &.P, 6.2 
$5672 “0224 A 8.P. 6:78 Wger. 21074 12 
24.016 " 8.P, 6.2 
$5671 “o2a4 a 8.P. 4°78 W9er. 21174 1 
a4 §=6.0167_—i«** 8.P. 6.2 
+4671 ‘ogek tL 10128 ‘Quer. 21268 8 25, 500 
fen ‘onl © © oBIPL 1oree 9 er. 31245 © 6 25,600 


very promising resulta at the 700 ft/rnec. velocity, it ras 
found impossible when these powdern were combined with 3071 to 
obtain the service muzzle velocity of 1250 f/s,without cx=- 
ceeding the maximum pressure of 26,000 lbs/inS 


& It will be noted that although lots 3627 und 3636 gave 
\ 


form i 8 


Of the various types of charge with which it was found 
tarry to obtain the service velocity within the pressure 
imit four were chosen as the most promising. In addition, 
for one of the types of charge a modified M22 primer was 
used in addition to the 49 gr. primer, This modified 22 
- primer was used because of the very catiefactcry rerults 
‘vo obtained with a somewhat similar primer in a 75 mm Gun 111897. 
The results obtained in the unifornity test are given in Table IV, 
The probable errors are based on the standard deviations, 


Table IV 


Uniformity Results (Solenoid Chronorraph unless otherwise noted) 
Projectile; 3” Shell Modified, Wt. 15 lbs. 


Powder Web Comp, Grain ‘Wit. Primer No, Mean “rob, Pressure 
Lot Form of Rds. Vel. Error 


18"'6 0229 4 S.P., 7.3 49 ¢cr. 10 687 §.2 


1.5AKN0, 
1648 .0229 * " 17.0 49.er. 10 1257 3.5 22,700 
1E49A*® 0266 4OeN.G. N.P. 4.25 100 gr. 5 70% 2.3 
1S49A 0266 —* « 4,25 ger. § 638 5,1 


1S49A .0268 4ORN.G. " 4.2 
+1849B ,0342 % i 9°96 lg gr. 6 12h6 6.4 16,100 


3724 =6.0167 = FNH 8.P. 6.25 49 er. 10 706 4.0 ‘ 


fen lozek FM © © 1010p N9.Er. 20 1252 5.5 2,00 


3724 §=©.0167 = FNH " 6.25 2621D' 10 696 5.4 


24.0167 FNH " 6.25 9¢. 
sfe718 “O224 FNH a 10/02 2621D 10 1237 4.5 23,100 


3671 .0221 FNH " 6.80 2601AB 10 683%#7,9** 
/N 3671 .0221 #FNH " 16,00 2601AB 10 1217%#11.6%*20, 400 


- These rounds fired at Picatinny have also been included in Table I 
°° Mean results for two 5 round groups. 


+ Boulenge chronograph. 
= 6 ~ 


= wf. 
i % 


Discusnion of Results 


It will be seen that with all of the types of charge ex- 
cept the one containing the large especial primer, 2601AB, dis- 
persions of approximately equal magnitude vere obtained while 
the 2001AB primer produced dispersions which seem significantly 
larger. In order that the results obtained in these uniformity 
firings may readily be compared with those obtained in the 
previous teste, some of the more important previous results are 
given in the Tables V and VI. The probable errors for most 
groups are based on the mean deviations, 


Table V 
Results Obtained with the 15 lb. E~l Projectile*® 


Powder Web Comp. Grain Wt. Primer No, Mean Prob. Error 
Lot Form of Rde, Vel, in Vel. 


a a eee Chg. 


3671 .0221 FNH 8.P. 6,00 100 gr. 24 700 5.0 
to 6.11 


3671 .o221 " 8.P, 15.17 100 gr. 39 1l2ko 41 
to 15.26 


Table VI 


Results Obtained with the Mk I Shell Loaded to 15 lb, 
(Mostly from O.P. 4562) 


Powder Web Comp. Grain Primer Wt. No. Mean Prob. Pressure 
Lot Form of Rds. Vel. Error 


came ges Che. 
1062 .0160 Pyro 8.P. 100 gr. 5.41 23 700 6.2 
3530 .0163 FNH 8.P. 100 gr. 6.22 2 691 10.0 


3625 .0208 FNH M.P. 100 gr. 7.00 25 706 9.0 


3671 .0221 FNH  S.P. 100 gr. 6.97 23 695 11,4 
3671-8 .0221 FNH  §8.P. 100 gr. 16.13 5§ 1255 4.2% 21,800 
3671-8 .0221 FNH 8.P. 100 gr. 16.13 § 1234 &.1*** 21,600 


| HHHEE Queene 
3698 .0226 FNH 8.P, 100 gr, 16°82 20 Op ee eee 


© The results are based on the same data as the results given in “Analysis 
of Velocity Dispersion of 75 mo Peck Howitzer" by R. H. Kent (1932) 

*® Powder loose 

eee Powder in bag F.R. No. 6310 

#o0° Mean results from scrim and silk bags (see Firing Record No. 8211): 


-7- 


Table V gives results obtained of firings of the 15 lb, kl 
projectile huving a broad band of diarocter of 3.03" while 
Table VI results obtained with the 15 1b. Mk. I projectile 
with a narrower bund of diameter 3,01". By comparing the 
resulte obtained with the same povder for the tro projectile 
typee it appears that the diepersion obtuined with the broad 
banded Fel projectile (band diameter 5.03") ie significantly 
smaller than with the narrow banded projectile (bund diameter 
3.01") indicating that an increase of initial forcing re-~ 
sistance tends to reduce the dispersion in velocity fron this 
howitzer, Attention to this result haus already been directed 
in & study written in the Office of the Chief of Ordnance, 


Although the resulte show rather conclusively that with 

@ given type of porder, smaller dispersion is obtained with 

e broxder band, this result by itself, does not estublish 
the superiority of the broad band in general, ‘ith the 
broad band and a given powder the pressures are higher, than 
with the narrow bund. To remain within the preesure Linits 
of the howitzer, a slover povrder has to be used with the 
broad than vith the narrow band. If the narrow banded 
projectile vere propelled by 4s guick a povder as the preas- 
ure limits allov, the disnersion in velocity would be con- 
siderably reduced and might not greetly exceed the diepereion 
obtained “ith the brouwd banded projectile propelled by 3671. 


It is apparent by comnaring the rerulta riven in Table VI 
with these or Table IV that with the exception or the coOlas 
arrangenent the types of charge described in Table IV seem 
materially better than those viven in Table VI. However, 
as pointed out above, the powders of Table VI are unnecessarily 
slow for the narrow band. 


The tests show that in the 75 mm Pack Howitzer it is 
possible to combine a base section of a fast povder with an 
inerement of a slower powder with satisfactory results. How 
much of the improvement is due to the powder and how much to 
the use of the 49 grain primer is not known, It appears 
that possibly the 100 grain primer is too powerful to use 
with these quick powders and small chamber oupecity. 


The resulte seem to be consistent with the generally 
accepted hypothesis that the quicker the powder, the better 
the uniformity in the lower zones of a howitzer; but there 
and other results apparently also indicate that an increased 
effective quickness of the charge obtained by the use of 
powerful black porder igniter is not necessarily conducive 
to uniformity in velocity. 


ie 


In apite of its relative elowness, the povder 1é!'4 
containing KNO, end having a web-thickness of 022° fave .practi-~ 


oally ae good results for the 790 ft/rec. velocity us the 
quicker povder 372", web .0167, ao far as can be inferred 
from the emuall number of rounds fired, This tentative result 
ia perhaps an indication that in addition to the quickness of 
@ porder, ite ignitabllity may be an important fuctor in the 
velocity dienersion, Possibly one of the chief advantages 

of a quick poder is that other things being equal, a quick 
powder is more readily ignitable than a slower one, 


In connection with the Gerirn of charresr of high density 
of loading the result is feirly well established that a type 
of charge wnich produces no waver of appreciable amplitude 
tends to produce a smaller velocity diepersion than & tyne 
which producee lurve waves, If there are waves, their ampli- 
tude will vary from round to round and hence will produce 
avarijation in veiocity., In General, charges of low louding 
density produce no waves and yet a large dispersion in velocity 
46 almost the ~ule with such charger, As mentioned above 
it 46 found that an increase in the quickness of the powder 
and in the starting resistence tends to reduce the dispereion 
in velocity of such charges. The reason for this pronounced 
effect of quickness and reristance is not so apparent as the 
reason for the effect of pressure waves on direvereion, It 
38 evident that the quicker the vowder and the higher the 
preesure, the greater the proportion of the energy of the 
povder converted into the kinetic energy of motion, If the 
porder were all burnt before the projectile started, the 
maximum amount of energy would be obtained from a given 
charge; aside from variable heat losses, this amount vould 
be constant fron round to round and the dispersion in vel- 
ocity would ke zero, The quicker the porder the more closely 
is this condition approximated to: hence the reduction of 
velocity dispersion by quicker povders,* 


Although the preceding theory tende to explain the 
observed results, it is believed that it does not explain 
satisfactorily the very great reduction in diepersion with 
Only a small increase in quickness, It ir proposed to 
discuss this matter at ereater length ina report to be 
entitled "A Tentative Theory of the Effect of Powder Quick- 
ness and Band Resistance on the Diepersion in lingzle Velocity", 


In view of the results given in this report, it appears 
that the recent reduction in the width and dlameter of the 


* See also ‘The Accuracy of Gun Fire as Affected by Loading Conditions! 
by Milip L. Alger, Capt. Ord. Res. Corps, U.S.A. 


-~ 9G = 


oe rotating band of the N!'l] shell will tend to aucment the | 

| dispereion in velocity.* Unlese suceesr is obtained in 
: reducing the present lurge diepersion obtainad vith the 

narrow band, the chance may prove unfortumte eco far as the 

accuracy of fire of the howitzer is concerned, Aprnarently 

thie dispersion can be reduced; whether as good results 

can be obtained rith the narrow band as with the broad 

| band remaine to be seen, 


Breen i a —¥ Pe satin eet! = il r 
f° 


Since nost of the emphasis on these firings was on the 
lovest zone charge in which the pressure waves would probably 
be amall, no viezaoselectric records were trken, However, 


( records of $2 in the early staves of the burning might tive 
valuuble information, end in the proposed further firings it 
is desirable that cuch recorde be taken. 


Further Tests 


. In view of the fact thet consicecrable Aimprovement appesré 
already to have been obtained in the churge for the lovest 
zone of the Pack Hovitzer, it if advisable that experirents 
be continued, It is recommended that firings be mede with 
the following types of charges: 


) Type No. Base Section Inerement Priner 
I Fast N.G. povder Slover N.G. powder 49 ¢r, 
II Fast FNH porder Slover FNH porder 49 er, 
containing KNO, with or without 
KNO 3 

III Fast FNH Slower FNH h9O gr, 
IV FNH of the same FNH se quick ap LO er. 

| quickness as in the pressure limits 

ae the increment allow 


After the best type of charge iynited by the 49 gr, 
primer has been selected, comparative tests should te mace 
; with the 100 gr. priner end the modified lee priner, 2621D, 
| for this type of charge to eetablich definitely which of 
: the three primers is the best, 


For the proposed firings, the following types of 
powdere should be made by Picatinny Areenal, 


* The Proving Ground concurred in the proposed change. It is stoted in 


on the lst Ind. on 0.0. 471.12/2943, "It appoors that there should be 
Se little chance of any great increase in velocity dispersion". 
= 10 < 


8, 

“9 

es a 
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Povder Conposition Gruin ‘eb Amount 


type Form Thickness lb. 
in, 
1 On NG. 5.F i? 027 50 
2 " . 032 50 
. 0037 50 
FNH+ " 018 50 
yy KUO, 
5 ENi+ . 021 50 
Lee KNO 
3 
6 FRH+ " 02h 50 


1.57 KNO, 


RH. Henk 


R. H. Kent 


SEL tie 

H. H,. zornig, | 

Lt. Col., Ord, Dept., 
Chief kKesearch Division 


Incl. 1, F.R. #9708 
2, F.R. #9106 
Inel, p. Sketch 202l-D 
, Sketch 2601-AB 


* §.P. grein form ie suggested for the 40% .N.G. powder to rsduce the number 
of variables in this experiment by making the grain formof all the 
powders the same. 
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3 WH Pack Howitzer... 1923 E2 took Igiend Arzenal 2 ) 
a Pack LOWLULoCF ha 54 ig <2 : 
\" iS } Pacts Nowlt ror Hosk Islend Arsenal 1:45 
| ay | 
es ale® + j ‘ i Ueke 5 9 150 


tale 3” Cede Snell, locel 17, modified te 75 U/l Proof Prejectile, | 
SoA. wood % Coe Lot 2 52-1, | i ‘le 1520155 : 


asc shite None 

1 ‘ Nione 
, Sas None 

& 

| DePe FU Lot ke ZTel 591935 Lor 199 th Hovitze 
| Powder DePe FYU Lot ke %671*S-19% for 75 U/l Pack oe Mk 
Peds Exporimotal lot 1633 for 75 M/d Peds Nowitser 
'Pede bxporinental Lot Liya fer 75 6/38 Pack Howitser 
| ede Lxperinental Lot liggs for 75 Wf Pack Hovitzes 
r < ~~ 4 M5, Dr fe Ne-2-91 
io ‘ hd : 
| ho Gere Peres UeSele Lot 2n7 Bn 52 , Dwee v/s Tt (Rds. £ 59 - 87, 685 - || 
ae (89, G00 = 90, 1029 + 1636, 1049 = 1062, & 1023) | 
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860 | 1:79 Piaged | 1848 fa 
‘B61 © Lal ‘ 0 ay " 2100 | 696 
862 1:43 " “i “3 " 2600 | 690 
63 1 , ly " HH : it " " 1 LOO : Sas 
CA) , 1:45 i" n iy . 3 w 2000 685 
G65 1:48 ‘i “ Rees Z "1700 | 699 . 
066° 1:49 “4 2 a co ee 1: OBS | 
£67 5 " ) n : | Sy te 2600 | 67. ' 
C65 2253 e. re ir ae 2 tee + OOD 
859 »=—«-1256 |. = " .. ° " 1900 68 
B70 2116 " 9 | 47 " ™ 22000 .1249 
871 2:19 7 . cae "23200 (1255 
672 2:2) “ z ae "  “ B3300 1263 
873 2123 " ‘i . - " 21800 128 
87, 225 = a . . " €2300 Wé2 
875 2:2 _ i a 4 * 23700 1257 
O76 2:29 “ i *  % $2990 41255 
O77 © 2330 . . =. “ — ™ 21900 :1258 
B78 2353 , . : NEP: P " 21200 !126 
879 2335 | | ® ‘ Lee ". ™ B5008 (1299 
G80 9 249 . 3ST1=S 6.3 * " 6100 Gy 
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